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(54) Shared line appearance across a plurality of switching systems. 

(57) A shared line appearance feature may be 
implemented on a plurality of telephone station 
sets (e.g.121 ( 122 t 128) which are connected to 
different telecommunication switching systems 
(105,101,106). The telecommunication switch- 
ing systems can be interconnected to each 
other via the public telephone network (114) 
utilizing standard telecommunication links 
(151,150,155,157,160.161). A software appli- 
cation program (666) provides a termination 
point for a directory number that is associated 
with a shared line appearance. The software 
application program (666) receives all incoming 
calls directed to the directory number and de- 
termines the operations that should be perfor- 
med with respect to the telephone station sets 
(e.g. 121, 122, 128) terminating the shared line 
appearance. The software application program 
directs the incoming calls to the telephone 
stations sets regardless to which telecommuni- 
cation system each of the telephone station sets 
is interconnected. An outgoing call tram one of 
the telephone station sets is switched to the 
software, application program which then 
switches the outgoing call to the destination 
telephone terminal as if the outgoing call had 
originated at the location of the software appli- 
cation program. With respect to the outgoing ^ 
call, the software application program also 
transmits messages to the other telephone sta- 
tion sets terminating the shared line appear- 
ance, so that those telephone station sets can 
indicate that the shared line appearance is 
busy. 
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Technical Field 

This invention relates to telecommunication 
switching and, in particular, to the provision of a 
shared line appearance feature for a plurality of tele- 
phone station sets connected to a plurality of tele- 
communication switching systems. 

Background of the Invention 

A shared line appearance feature allows a num- 
ber of stations to share a common directory number 
on a line appearance of each of the telephone station 
sets. If a caller places a call to the directory telephone 
number, any one of the telephone station sets having 
a line appearance for that telephone number can an- 
swer the telephone call. After one of the telephone 
station sets has answered the call, another telephone 
station set can be added to the telephone call simply 
by the other station set picking up on the line appear- 
ance. Similar operations are performed with respect 
to one of the telephone station sets placing an outgo- 
ing call. The state of the line appearance is displayed 
on all telephone station sets terminating that tele- 
phone directory number.- The shared line appearance 
feature has proven particularly useful in the business 
environment. 

Whereas prior art telecommunication switching 
systems have offered the shared line appearance 
feature, a problem in the prior art has been that all of 
the telephone stations sets involved in the shared line 
appearance had to be directly connected to one tele- 
communication system. This restriction has proven to 
be a problem with respect to private networks of busi- 
ness telecommunication systems (also referred to as 
PBXs) and the Centrex service. 

Summary of the Invention 

The foregoing problem is solved and a technical 
advance is achieved by an apparatus and method 
that allows a shared line appearance feature to be im- 
plemented on a plurality of telephone station sets 
which are connected to different telecommunication 
switching systems. Advantageously, the telecommu- 
nication switching systems can be interconnected to 
each other via the public telephone network utilizing 
standard telecommunication links. A software appli- 
cation program terminates a directory number asso- 
ciated with a shared line appearance and receives all 
incoming calls directed to the directory number and 
determines the operations that should be performed 
with respect to the telephone station sets terminating 
the shared line appearance. The software application 
program directs the incoming calls to the telephone 
stations sets regardless to which telecommunication 
system each of the telephone station sets is intercon- 
nected. An outgoing call from one of the telephone 



station sets is switched to the software application 
program which then switches the outgoing call to the 
destination telephone terminal as if the outgoing call 
had originated at the location of the software appli- 

5 cation program: Also, the originating directory num- 
ber used in placing the outgoing call is the directory 
number associated with the shared line appearance. 
With respect to the outgoing call, the software appli- 
cation program also transmits messages to the other 

10 telephone station sets terminating the shared line ap- 
pearance, so that those telephone station sets can in- 
dicate that the shared line appearance is busy. 

Advantageously, the apparatus and method util- 
izes two dialing number plans: the directory number. 

15 plan, which consists of standard telephone numbers, 
and a secondary dialing plan. The secondary dialing 
plan is utilized by the software application program 
to direct and receive calls from the telephone station 
sets terminating the shared line appearance. 

20 

Brief Description of the Drawing 

FIG. 1 illustrates, in block diagram form, a tele- 
communication switching system embodying the 

25 inventive concept; 

FIG. 2 illustrates the node hierarchy of the 
switching nodes of FIG. 1; 
FIG. 3 illustrates the directory dialing plan hier- 
archy of the switching nodes of FIG. 1; 

30 FIG. 4 illustrates the secondary dialing plan hier- 

archy of the switching nodes of FIG. 1; 
FIG. 5 illustrates the software architecture im- 
plemented in each of the switching nodes; 
FIG. 6 illustrates in greater detail the telecommu- 

35 nication switching system of FIG. 1; 

FIGS. 7 through 10 illustrate the dialing plan and 
routing tables utilized by the telecommunication 
switching system of FIG. 1; 
FIG. 11 illustrates a directory number ma nag e- 

40 ment table; and 

FIGS. 12 and 13 illustrate, in flow chart form, the 
operations performed by a directory number ap- 
plication program. 

45 Detailed Description 

FIG. 1 shows a telecommunication switching sys- 
tem having a plurality of switching nodes 101 through 
109 with a network management system (NMS) 115. 

so Each of the switching nodes 101 through 109 pro- 
vides communication for a plurality 5 of telecommu- 
nication terminals such as BRI station sets 120 
through 130 and such functions as an independent 
telecommunication system. Advantageously, the 

55 switching nodes of FIG. 1 function as an integrated 
system to provide telecommunication services such 
as those provided by an individual or a network of 
AT&T Definity Generic II communication systems. 
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Switching node 106 is interconnected to the other 
switching nodes via public network 114 and is provid- 
ing telecommunication services to a group of people 
who are geographically remote from the people 
served by the other switching nodes. In accordance 
with the invention, the telecommunication system 
has a directory (primary) dialing plan and a second- 
ary dialing plan. 

Further, in accordance with the invention, a 
group of stations share a line appearance which has 
a directory telephone number. All calls to that direc- 
tory telephone number are directed to a directory 
number management application (DNM) such as 
DNM 666 of FIG. 1 . DNM 666 is responsive to incom- 
ing calls to route those calls to the station sets termin- 
ating the shared line appearance. The routing of a call 
from DNM 666 to the terminating station sets is done 
using the secondary dialing plan. Each station set 
that terminates a shared line appearance directory 
number has a unique secondary number. All outgoing 
calls from a terminating station set are first directed 
to DNM 666 utilizing the directory dialing plan, and, 
then, DNM 666 routes the call to the destination tel- 
ephone terminal utilizing the directory dialing plan. 
Since both incoming and outgoing calls are routed 
through DNM 666, this directory number manage- 
ment application controls the feature interaction 
among the station sets that terminate the shared line 
appearance number. With respect to an outgoing call 
originated by one of the terminating station sets, 
DNM 666 is responsive to the outgoing call from one 
of the terminating station sets to originate a call to the 
destination. The outgoing call originates from DNM 
666. The destination telephone terminal displays that 
the call was received from the directory telephone 
number associated with the shared line appearance 
rather than, showing that it originated from the sec- 
ondary number assigned to the originating telephone 
station set of the shared line appearance. 

Unlike a prior art system of switching nodes such 
as a network of Definity Generic II communication 
systems, a switching node of FIG. 1 has no prede- 
fined stored information defining how this system is 
configured before initialization, what telecommunica- 
tion links are terminated on which nodes, what inter- 
faces are utilized to terminate those links, the phys- 
ical configuration of the switching nodes, and the 
type and features of the station sets. Further, there 
is no predefined information setting forth the two di- 
aling plans which are utilized to identify the telecom- 
munication terminal equipment connected to each of 
the switching nodes. Finally, each switching node has 
no predefined knowledge of what telecommunication 
terminals are connected to it. 

Each switching node determines the above infor- 
mation upon the entire system being initialized or an 
individual switching node being initialized or the ini- 
tialization or a new telephone communication termi- 



nal. In addition, an individual switching node begins 
to determine new paths through the system upon an 
individual telecommunication link becoming active 
after the switching node has been initialized. To ob- 

5 tain this information, each switching node as it be- 
comes active must perform the following functions: 
(1) establish its own internal configuration, (2) iden- 
tify and initialize interfaces, (3) establish its position 
in the switching node hierarchy, (4) obtain ownership 

10 for its portion of the primary dialing plan, and (5) 
learn how to route calls through the system. In addi- 
tion, NMS 115 must establish a call to each switching 
node in order to distribute the primary and secondary 
dialing plans among the switching nodes and to pro- 
fs vide other management functions. FIG. 2 illustrates 
the switching node hierarchy, FIG. 3 illustrates the di- 
rectory/primary dialing plan hierarchy, and FIG. 4 il- 
lustrates the secondary dialing plan hierarchy. 

Consider now in general terms those operations 

20 that must be performed in order to implement the 
present invention during initialization. These func- 
tions are: (1) activation of the directory number man- 
ager, (2) identifying within the directory dialing plan 
the directory number used by the directory number 

25 manager, (3) obtaining ownership of a portion of the 
secondary dialing plan by each switching node, (4) 
initializing and identifying telecommunication termi- 
nals using a shared number, (5) identifying the tele- 
communication terminals utilizing the secondary di- 

30 aiing plan to their associated directory number man- 
agers, and <6) learning how to route calls through the 
system utilizing the secondary dialing plan and rout- 
ing information associated with the switching node 
and directory dialing plan hierarchies. To illustrate 

35 how these functions are performed, consider the fol- 
lowing example where BRI station sets 121, 122, and 
128 of FIG. 1 share a directory number whose direc- 
tory number manager (directory number manager 
666) is executing on switching node 1 01 . 

40 The first function (activation of the directory 

number manager by NMS 115) accomplished as fol- 
lows. During the initialization of the system illustrated 
in FIG. 1, NMS 115 learned a route to switching node 
101 in order to distribute the directory dialing plan. 

45 NMS 115 now transmits control information to switch- 
ing node 101 over the same route activating the exe- 
cution of directory number manager 666. 

In order to accomplish the second function (iden- 
tifying the directory number used by the directory 

so number management application to the directory di- 
aling plan), directory number manager 666 executing 
on node 101 informs the dialing plan application of 
node 1 01 that the directory number management ap- 
plication will be using the number 1101. Since switch- 

55 ing node 101 owns the block of number 11 XX as illu- 
strated in FIG. 3, the dialing plan application records 
that this number is associated with directory number 
manager 666. 

3 
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Consider now how the third function (obtaining 
ownership of a portion of the secondary dialing plan 
by a switching node). As for the directory dialing plan, 
NMS 115 must first inform each switching node of its 
portion of the secondary dialing plan. Upon being no- 
tified that it should own a certain block of secondary 
numbers, each switching node finds its superior 
switching node in the dialing plan hierarchy by placing 
a call to its superior switching node and asks permis- 
sion from the superior switching node to own that 
block of numbers. For example, switching node 104 
is informed by NMS 1 1 5 that switching node 1 04 is to ; 
own the block of numbers "S1XXX" and is also in- 
formed that switching node 102 is higher in the sec- 
ondary dialing plan hierarchy as illustrated in FIG. 4. 
During establishment of switching node 104's posi- 
tion in the directory dialing plan hierarchy and in the 
switching node hierarchy, switching node 104 gained 
sufficient information to route a call to switching node 
102. By placing a call, the dialing plan application of 
switching node 104 requests from the dialing plan ap- 
plication of switching node 1 02 permission to own the 
block of secondary numbers n S1XXX M . Similarly, the 
other switching nodes in FIG. 1 obtain permission to 
own blocks of the secondary dialing plan. 

The fourth function that is to be performed is the 
initialization and identification of the telecommunica- 
tion terminals using a shared number. In the present 
example, BRI station sets 121, 122, and 128 are shar- 
ing the directory number which is controlled by direc- 
tory number manager 666 on switching node 101. The 
fourth function is an extension of the function identi- 
fied as function (2) as set forth in the above incorpo- 
rated application. With respect to BRI station set 121 , 
BRI station set 121 comes up in the normal manner 
and establishes with switching node 105 low level 
ISDN communication over BRI link 136. BRI station 
set 121 is communicating with a terminal manage- 
ment application in switching node 105. BRI station 
set 121 identifies itself to the terminal management 
application during the TEI assignment proc edu re. As 
part of the procedure, the terminal management ap- 
plication requests the service profile ID (SPffi)) infor- 
mation from BRI station set 121. The SPiD informa- 
tion identifies the terminal service profile (TSP) 
which defines the directory number plus features of 
the station set In the case of a station set which has 
a solo directory number, the SPID information must 
be verified with the dialing plan application of the 
node with respect to the assignment of the directory 
number. In turn, the terminal management applica- 
tion must receive the service profile information from 
the system network management application in NMS 
115. When a station set is sharing a directory number, 
the service profile information identifies that there is 
a shared directory number and defines that number. 
In addition, the terminal service profile information 
provides the secondary number which is being used 



by this station set In the present example, BRI sta- 
tion set 121 is assigned the secondary number of 
"S1101". The terminal management application run- 
ning in switching node 105, to which BRI station set 

5 121 is connected, requests that the dialing plan ap- 
plication in switching node 105 verify that the sec- 
ondary number of "S 11 01" can be used. From FIG. 4 
it can be seen that switching node 1 05 owns the block 
of numbers "S11XX n . Hence, the terminal manage- 

10 ment application receives permission for BRI station 
set 121 to utilize this secondary number. 

To perform the fifth function (identifying the tel- 
ecommunication terminals having a shared directory 
number to their directory number management appli- 

15 cation), the terminal management application con- 
trolling BRI station set 121 must identify this station 
set to directory number management application 666 
in switching node 101, which is controlling the shared 
number. This is accomplished by the terminal man- 

20 agement application placing a call to the directory 
number management application. This call is placed 
utilizing the shared directory number, "1101", and is 
easily routed to switching node 101 . From FIG. 3. it is 
seen that switching node 1 05 is aware of the numbers 

25 controlled by switching node 101; and from the node 
hierarchy illustrated in FIG. 2, switching node 105 re- 
alizes that it is directly attached to switching node 
1 01 . Once the call has been established, the terminal 
management application transmits the secondary 

30 number of BRI station set 121 along with information 
defining the route to directory number management 
application 666. Directory number management ap- 
plication 666 records the fact that BRI station set 121 
is sharing directory number 1101. Also, lower soft- 

35 ware layers in switching node 1 01 record the route in- 
formation. 

The sixth function (learning how to route using 
the secondary dialing plan) was accomplished by the 
fifth function. During performance of the fifth f unc- 

40 tion, each telecommunication terminal sharing a di- 
rectory number places a call via the terminal manage- 
ment application to the directory number manage- 
ment application and includes information on how to 
reach that terminal management application via the 

45 secondary dialing plan. There is never a problem for 
the directory number management application in 
routing information back to the terminal management 
application since that route is defined by the initial 
call from the terminal management application. 

50 Consider now how BRI station set 122 performs 

the above six functions. BRI station set 122 performs 
the TEI assignment procedure in the same manner as 
BRI station set 121. A terminal management applica- 
tion in switching node 101 is responsive to the SPID 

55 information from BRI station set 122 to obtain the ter- 
minal service profile information. From this informa- 
tion, the terminal management application identifies 
the fact that BRI station set 122 is sharing directory 
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number "1101" controlled by directory number man- 
agement application 666 in switching node 101. The 
terminal management application then informs direc- 
tory number application 666 of the existence of BRI 
station set 122 and of how to route to this particular 
terminal application program. In addition, the termi- 
nal management application provides to directory 
number management application 666 the secondary 
number of BRI station set 122 which is "S 11 02". Also, 
the terminal management application requests that 
the dialing plan application of switching node 101 re- 
ceive permission to utilize the secondary number 
"S1102". The dialing plan application requests from 
the dialing plan application of switching node 105 per- 
mission to "host* the number tt S 11 02". Since, .as can 
be observed from FIG. 4, switching node 105 owns 
the block of secondary numbers "S11XX", the proc- 
ess of requesting permission to host a number allows 
the dialing plan application of switching node 101 to 
utilize this number. The previously incorporated pa- 
tent application defines the process of hosting a num- 
ber. 

Consider now how BRI station set 128 performs 
the above six functions. The TEI assignment proce- 
dure is performed with switching node 1 06. A terminal 
management application in switching node 106 is re- 
sponsive to this procedure to obtain the terminal ser- 
vice profile which includes the shared directory num- 
ber, the secondary telephone number, and the fea- 
tures of BRI station set 128. The terminal manage- 
ment application in switching node 106 then places a 
call to directory number management application 666 
in switching node 101. This call is routed utilizing the 
directory dialing plan, which is well established at this 
point in time. The terminal management application 
informs directory number management application 
666 of the existence of BRI station set 128 and that 
its secondary number is "S1103". The terminal man- 
agement application in switching node 106 requests 
that the dialing plan application of switching node 106 
request permission from the dialing plan application 
of switching node 101 to host the secondary number 
of BRI station set 128, since that secondary number 
is in a block owned by switching node 1 01 . The oper- 
ation of these four features is as before since direc- 
tory number management application 666 simply 
routes the calls and messages to BRI station set 128 
via switching node 106. 

In conclusion, within the present example, BRI 
station sets 121, 122, and 128, which are sharing 
shared directory number "1101", have identified 
themselves to directory number management appli- 
cation 666, which is controlling that directory number. 
In addition, directory number management applica- 
tion 666 has information on how to route calls to these 
BRI station sets utilizing secondary numbers. 

Consider now the implementation of the shared 
line appearance feature in accordance with the inven- 



tion. The shared line appearance feature is explained 
by way of an example with respect to FIG! 1. This ex- 
ample assumes that for incoming calls any of the sta- 
tion sets can answer the call and that any one of the 

5 remaining station sets can become part of the call 
simply by going off hook. For outgoing calls, if the out- 
going call is initially placed by BRI station set 122 or 
128, any one of the remaining station sets can enter 
the outgoing call by simply going off hook. However, 

10 if the outgoing call is placed by BRI station set 121, 
BRI station sets 122 and 128 are excluded from the 
call, but do receive information indicating that the 
shared call appearance line is busy. An incoming call 
to directory number "1101" tenninates on DNM 666, 

15 which is executing in switching node 101. DNM 666 
is responsive to the setup message of the incoming 
call to send setup messages to BRI station sets 121 , 
122, and 128 utilizing the secondary dialing plan. 
DNM 666 is responsive to an alerting message from 

20 any of the three BRI station sets to transmit back to 
BRI station set 126 an alerting message. If none of 
the BRI station sets of the shared line appearance 
answer the call within the specified amount of time, 
the call is sent to call coverage, which in this example 

25 consists only of voice mail system 127. Voice mail 
system 127 assumes that the call is from directory 
number "1101", and the user of BRI station set 126 is 
given the opportunity of leaving a voice message. 
This voice message can be retrieved by a user using 

30 any one of BRI station sets 121, 122, or 128 (the 
shared line appearance BRI station sets). If one of the 
shared line appearance BRI station sets responds 
with a connect message, DNM 666 transmits line-in- 
use messages to the other two BRI station sets and 

35 requests that switching node 101 interconnect BRI 
station set 126 with the shared line appearance BRI 
station set that responded with the connect message. 
Assume that BRI station set 121 answered the incom- 
ing call. BRI station set 122 or 128 can enter the es- 

40 tablished call by simply going off hook. DNM 666 is 
responsive to an off hook message from either of 
these BRI station sets to conference thatstation set 
into the incoming call. The incoming call is dropped if 
BRI station set 126 or the last shared line appearance 

45 station set on the incoming call transmits a discon- 
nect message to DNM 666. 

Assume that the user of BRI station set 121 plac- 
es a call to BRI station set 126. First, BRI station set 
121 places a call to DNM 666 utilizing the directory 

so number dialing plan and includes its secondary num- 
ber. DNM 666 is responsive to the call from BRI sta- 
tion set 121 to send line-in-use messages to BRI sta- 
tion sets 122 and 128 utilizing the secondary dialing 
plan. DNM 666 then transmits a setup message to 

55 BRI station set 126. When a connect message is re- 
ceived from BRI station set 126, DNM 666 intercon- 
nects the call from BRI station set 121 to the call from 
BRI station set 126. Switching node 666 then relays 
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messages back and forth between BRI station sets 
121 and 126 until one of these station sets discon- 
nects from the call. Note, since BRI station set 121 
has exclusion preference on outgoing calls, DNM 666 
blocks BRI station sets 122 or 128 from entering this 
outgoing call. An outgoing call from either BRI station 
set 122 or 128 is similar to an outgoing call from BRI 
station set 121 with the exception that the other two 
BRI station sets can enter the call at any time simply 
by going off hook. 

Software Architecture 

FIG. 5 illustrates the software architecture of the 
switching nodes of FIG. 1. This architecture is based 
on the conventional OSI model modified to imple- 
ment the ISDN protocol. In accordance with the in- 
vention as described herein, certain further modifica- 
tions have been made to the standard model in order 
to include ISDN capabilities. 

The principal function of physical layer 501 is to 
terminate physical links. Specifically, physical layer 
501 is responsible for maintaining physical channels 
and for controlling physical subchannels thereon. 
Physical layer 501 comprises a software portion and 
physical interfaces. Further, the software portion of 
physical layer 501 is responsible for the direct control 
of the physical interfaces to which physical links com- 
municating PRI and BRI information terminate. Phys- 
ical layer 501 presents to link layer 512 physical sub- 
channels and physical channels as entities controlla- 
ble by link layer 512. 

The primary function of link layer 51 2 is to assure 
that the information transmitted over a physical chan- 
nel is recovered intact and in the correct order. This 
is accomplished using another layer of protocol which 
allows multiple communication paths - commonly re- 
ferred to as logical links — to be established on a given 
physical channel or a physical subchannel communi- 
cating packetized data. These logical links are used 
to identify and process data being communicated be- 
tween link layer 512 and physical layer 501. {An ex- 
ample of this type of protocol is the LAPD packer pro- 
tocol used in ISDN Q.921. In the ISDN standard, link 
layer 512 terminates the LAPD protocol.) Link layer 
512 can support multiple protocols so that the upper 
layers are uneffected by the different protocols being 
utilized. Further, link layer 51 2 allows higher software 
layers to control physical layer 501 in an abstract 
manner. 

As seen in FIG. 5, link layer 512 is divided into link 
interface 502 and link management layer 503. The 
reason for this division is set forth herein below. It will 
be helpful at this point to discuss the communication 
of ISDN signals over a D channel to help readers, for 
example, who have only a rudimentary knowledge of 
the communication of ISDN signals over a D channel. 
At link layer 512, a plurality of logical links is estab- 
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lished on each D channel. One of these logical links 
communicates ISDN control signals to each endpoint, 
and each call control logical link is referred to herein 
as a logical D channel (LDC). The LDC is identified 

5 by a logical D channel number (LDCN). 

Link interface 502 does the majority of the func- 
tions performed by link layer 512, including the estab- 
lishment of the logical links. Link management layer 
503 identifies the various link interfaces for higher 

10 software layers. Further, link management layer 503 
communicates information between the logical links 
and higher software layers. 

Network layer 504 processes information com- 
municated on the LDCs and thereby terminates the 

15 ISDN Q.931 protocol. Hence, this layer is responsible 
for negotiating the utilization of system resources for 
the termination or origination of calls external to a 
switching node. The network layer controls the allo- 
cation of channels on an interface on which a call is 

20 being received or set up. For example, if switching 
node 101 receives a call from switching node 1 02 via 
PRI link 150, network layer 504 of switching node 101 
negotiates with'its peer layer (the corresponding net- 
work layer 504 in switching node 102) in order to ob- 

25 tain allocation of a B channel in PRI link 150, a pro- 
cedure later to be repeated if a second B channel is 
desired. This negotiation is carried out using stan- 
dard ISDN Q.931 messages such as the call setup 
and connection messages via the LDC setup on the 

30 D channel of PRI link 150. Network layer 504 identi- 
fies all B channels of a given interface with the LDC 
for that interface. Network layer 504 is only con- 
cerned with the establishment of a call from one point 
to another point (e.g., from switching node to switch- 

35 ing node). The network layer is not concerned with 
how a call is routed internally to a particular switching 
node but rather transfers information up to higher lay- 
ers for the determination of how a call is routed in the 
switching node. However the network layer does re- 

40 quest that one application, referred to here and below 
as the connection manager application, add or re- 
move facilities on a physical interface to a switch con- 
nection within a switching node. 

Specifically, the network layer carries out call 

45 setup by first determining that the request for the es- 
tablishment of a call is valid and that the resources 
between the two switching systems are available to 
handle this call. After this determination, information 
concerning the call is transferred to higher software 

so layers. The reverse is true when the network layer re- 
ceives a request from the higher software layers to 
establish a connection with another switching node. 

Network layer 504 receives information from an- 
other node concerning a call via a LDC. As informa- 

55 tion is received on the LDC, a call reference number 
is utilized to identify the call associated with this 
message. The call reference number is selected by 
the originating network layer during call setup in ac- 
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cordance with the ISDN standard. 

Transport layer 505, is the key element that al- 
lows the routing of a call through a complex system 
having multiple nodes as illustrated in FIG. 1. Its pri- 
mary function is to manage the routing of calls ex- 
ternally, i.e„ between switching nodes. Transport lay- 
er 505 views the system of FIG. 1 in terms of nodes 
and is concerned with routing calls from its own node 
to other nodes or endpoints. (As explained in the de- 
tailed discussion of session layer 506, that layer, not 
transport layer 505, interprets logical destination in- 
formation, such as a telephone number, to determine 
the destination node of a call and to establish an in- 
tra-node path by using the connection manager ap- 
plication.) In an overall system comprising multiple 
switching nodes such as switching node 101, the va- 
rious transport layers communicate with each other 
in order to establish a call through the various switch- 
ing nodes. This communication between transport 
layers is necessary because it may be necessary to 
route the call through intervening nodes to reach the 
destination node. The transport layers communicate 
among themselves utilizing layer 3 and signaling 
paths (LDCs) established between switching nodes. 

With respect to inter-node routing, transport lay- 
er 505 is the first layer that starts to take a global view 
of the overall system illustrated in FIG. 1. Transport 
layer 505 uses information provided by session layer 
506 to select the inter-node path. The transport layer 
performs its task of routing between various nodes 
by the utilization of tables defining the available 
paths and the options on those paths. These tables 
do not define all paths but only those paths which the 
node has already used. 

Communication between transport layers is 
done by network layer 504 using established LDCs. 
Transport layer 505 communicates information des- 
tined for its peers to network layer 504, and network 
layer 504 packages this information within the infor- 
mation elements (lEs) of standard ISDN Q.931 mes- 
sages. Network layer 504 uses the LDC that has 
Deen setup to a particular node to communicate this 
information to its peer network layer. Similarly, when 
another network layer receives information of this 
type, the other network layer unpackages informa- 
tion and then directs the information to the transport 
layer. 

The primary function of session layer 506 is to 
establish communication among endpoints with all 
endpoints considered to be applications including, for 
example, a BRI station set is considered an applica- 
tion. Significantly, these endpoints may be applica- 
tions such as the application performing the call 
processing features or the dialing plan application. In 
any event, a connection between such endpoints is 
considered a call. A session (call) is set up by session 
layer 506 any time two applications require commu- 
nication .with each other. As noted earlier, session 



layer 506 deals only in terms of switching nodes and 
applications on those switching nodes and relies on 
transport layer 505 to establish paths to other switch- 
ing nodes. Session layer 506 identifies the called ap- 
5 plication by an address which previously in the tele- 
communication art was thought of as only a tele- 
phone number but has a much broader concept in the 
Q.931 protocol. From this address, session layer 506 
determines the destination switching node. Session 
10 layer 506 sets up a call to the destination switching 
node by communicating with the session layer of the 
destination switching node. Communication with the 
other session layer is accomplished by having the 
session layer request its transport layer to place a call 
is to the other switching node so that a connection can 
be made for a particular address. The transport layer 
places the call relying on the node number that was 
determined by the session layer. These requests are 
done using the network layer to generate standard 
20 ISDN Q.931 call setup messages. If the other switch- 
ing node cannot interpret the address, the session 
layer of that switching node transmits information to 
its transport layer requesting that the call be drop- 
ped. If the session layer can interpret the address, it 
25 sends a message to its transport layer requesting 
that a call proceeding message be transmitted by its 
network layer back to the requesting switching node. 

Presentation layer 507 of FIG. 5 invokes a com- 
plex protocol in order to groom the information being 
30 communicated between applications so that the ap- 
plications are totally divorced from the protocol used 
to communicate the information. A presentation level 
protocol allows an application to communicate with a 
peer application across a transport path. 
35 Finally, application layer 508 manages the re- 

sources needed by the applications running at soft- 
ware layer 509. When an application at software layer 
509 is communicating with another peer application, 
the application is unaware of how many other appli- 
40 cations exist or where these other applications are lo- 
cated. It is the function of application layer 508 to de- 
termine and use such details, consequently allowing 
the applications to be written in a very abstract man- 
ner. At applications layer 509, thus far six applications 
45 have been discussed: the system management, dial- 
ing plan, terminal management, connection manager, 
directory number management, and call applications. 

The manner in which this software architecture is 
implemented on switching nodes with respect to 
so physical hardware is disclosed in the above- 
incorporated patent application. FIG. 6 illustrates a 
software representation of FIG. 1. The elements lab- 
eled "peripheral" such as peripheral 640 implement 
the functions of physical interfaces and networks. 
55 A brief description is given of how a standard 

ISDN link is initialized with respect to the software 
layers. During the previous discussion of link inter- 
face layer 502 and physical layer 501 of FIG. 5, it was 
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described how these two layers function together to 
establish logical links on packet ized ISDN D or B 
channels. Link management software layer 503 iden- 
tifies these logical links and communicates informa- 
tion to or from one of the logical links and any desig- 
nated higher software layer. The designation of the 
higher software layer occurs when the logical link is 
initialized. For example, on a D channel of a standard 
ISDN link, one specific logical link (referred to as a 
logical D channel, LDC) is always communicated to 
network software layer 504 in accordance with the 
ISDN specification. The LDC communicates all call 
control information for the B channels of the standard 
ISDN link and is an integral part of the ISDN specifi- 
cation. 

Consider the initialization of a standard ISDN 
link. When a standard ISDN link becomes active, the 
physical layer identifies the physical interface num- 
ber of that link to the link interface software layer. The 
link interface software layer uses the packet protocol 
on the D channel to identify what is on the other side 
of the interface by communicating over a pre-speci- 
fied logical link of the D channel. The link interface 
software layer then informs the link management 
software layer that a new interface is active, that it 
has a certain number of B channels, and identifies to 
what the new interface is connected (if possible). The 
link management software layer informs the network 
software layer that a new Interface is active and that 
it contains a certain number of B channels. 

In response, the network software layer records 
the new interface's existence and sets up tables to 
control the B channels. If call control signaling has not 
previously been established with the other side over 
a different interface, the network software layer as- 
signs an LDC record to the interface and requests 
that the link management layer establish a signaling 
logical link with the other side. This request is passed 
to the link interface layer which uses the LAP-D pro- 
tocol to establish signaling. When the signaling logi- 
cal link is established, the link interface layer notifies 
the link management layer, which notifies the net- 
work software layer that call signaling is active. Final- 
ly, the network software layer informs the transport 
software layer that a new LDC is active and to what 
system entity the new LDC is connected. 

After both sets of software layers (e.g. software 
layers 550 through 636 and software layers 640 
through 646) are initialized in this manner, calls may 
be established over the B channels associated with 
the LDC by the network software layers. Signaling in- 
formation received or transmitted on the LDC is com- 
municated between the network software layer and 
the link management software layer. In turn, the link 
management software layer communicates this infor- 
mation with link interface software layer for commu- 
nication on the logical link of the D channel. For ex- 
ample, PRI links 150 and 148 are established in this 



manner. 

Network Management Initialization 

5 NMS 115 has a similar software structure as 

software layers 640 through 646; however, the appli- 
cations of NMS 115 are different than those in soft- 
ware layer 646. Once the LDC becomes active on PRI 
link 148, NMS 115 utilizes the system identification 

10 information received from switching node 1 02 to de- 
termine that NMS 115 is connected to switching node 
102. Then, the system network manager application 
running in NMS 115 places a call to the system man- 
agement application running at software layer 646 in 

15 switching node 1 02. The call is directed to the system 
management application by utilizing the node num- 
ber of switching node 102 and the specif ic telephone 
number which all system management applications 
share. Once the call is established between the sys- 

20 tern management application and the system net- 
work manager application in NMS 115, the system 
network manager application requests that the sys- 
tem management application transfer to it from the 
management information base 648 information relat- 

25 ing to physical interfaces connected to switching 
node 102, switching nodes to which switching node 
102 is connected (such as switching node 101), and 
the connected terminals (such as BRI station set 
120). The system network manager application in 

30 NMS 115 stores this information in the appropriate ta- 
bles and analyzes it to determine the switching nodes 
which are interconnected to switching node 102. The 
routing tables of switching node 102 are illustrated in 
FIG. 7, which was populated during the initialization 

35 of switching node 102. 

As illustrated in FIG. 6, switching node 101 is in- 
terconnected to switching node 102 via PRI link 150. 
NMS 11 5 places a call via switching node 1 02 and PRI 
link 150 to the system manager application in switch- 

40 ing node 101. The signaling information required to 
establish such a call through switching node 102 is 
transmitted over the LDC established on the D chan- 
nel of PRI link 148. These signals are commonly 
called setup messages. The setup message is then 

45 processed by layers 640 and 641 to present this set- 
up message to transport layer 642. Transport soft- 
ware layer 642 analyzes the node number utilizing 
routing table 707, illustrated in FIG. 7. Transport soft- 
ware layer 642 determines that there exists an LDC 

so to switching node 101 and requests that network 
software layer 641 transmit the setup message to 
switching node 101. Network software layer 641 then 
requests that layer 640 transmit the setup message 
on the established LDC for switching node 101. When 

55 the setup message arrives at transport software lay- 
er 652 after being processed by the lower software 
layers, software layer 652 recognizes the node num- 
ber as its own and utilizes the telephone number in 
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the setup message to establish a session between 
the system manager application and system network 
manager application in NMS 115. The session is es- 
tablished by transport software layer 652 requesting 
that a connection message be transmitted by net- 
work software layer 651 back to network software 
layer 641 of switching node 102. The session being 
established is a logical call. Once the session has 
been established between the system network man- 
agement application of NMS 115 and the system 
management application, the system network man- 
ager application requests that the system manage- 
ment application transfer to it from management in- 
formation base 658 similar information to that which 
was requested from the system management appli- 
cation. The routing tables for switching node 101 are 
illustrated in FIG. 7. The system network manager 
application in NMS 115 performs similar functions 
with respect to switching nodes 103 through 112. 

Dialing Plans Initialization 

After the system network manager application 
has set up a session with each switching node, the di- 
aling plan management application in NMS 115 re- 
quests that a session be setup to the dialing plan ap- 
plication of that switching node. The dialing plan man- 
agement application in NMS 115 first distributes the 
directory dialing plan to the switching nodes and then 
distributes the secondary dialing plan to the switch- 
ing nodes. For example, to distribute the directory di- 
aling plan, the dialing plan management application 
requests that a session be set up to dialing plan ap- 
plication (DPA) 661 in switching node 102 of FIG. 6. 
When the session has been set up, the dialing plan 
management application gives to switching node 102 
ownership of all directory telephone numbers of the 
system as illustrated in FIG. 3. Similarly, the dialing 
plan management application sets up sessions to 
each dialing plan application in each of the switching 
nodes and gives ownership to those nodes of blocks 
of directory telephone numbers as illustrated in FIG. 
3. These sessions are set up by utilizing a setup mes- 
sage which is directed to the appropriate dialing plan 
application by use of the node number and a prede- 
fined telephone number which is common to all dial- 
ing plan applications. 

A dialing plan application (such as dialing plan 
application 665 of switching node 1 01 ) cannot not ac- 
tually own a block of numbers until it has received 
permission to do so from the dialing plan application 
which owns the block. For example, consider the 
case of dialing plan application 661 of switching node 
102, which owns all of the directory telephone num- 
bers, and dialing plan application 665 of switching 
node 101, which wants to own block "1XXX". Dialing 
plan application 665 must request ownership of block 
a 1XXX" from dialing plan application 661. Upon giving 



dialing plan application 665 permission to own that 
block of directory telephone numbers, dialing plan ap- 
plication 661 makes the entries 705, 701 , and 702 on 
FIG. 7, indicating that these numbers have been giv- 

5 en away to switching node 101 and updating the level 
5 routing table. 

The numbers in the ownership column of tables 
708 and 711 of FIG. 7 have the following meaning: T 
means that a number block is owned by the node and 

10 received from the node listed in the node column, and 
"2" means that a number block has been given away 
to the node listed in the node column. The status col- 
umn maintains the status of a permission request and 
whether a call still exits between the two dialing plan 

is applications. A"1 u means permission granted, a "2" 
means permission requested, and a "3" means that a 
call still exits between the two dialing plan applica- 
tions. 

The remaining switching nodes of FIG. 1 obtain 

20 ownership of their portions of the directory telephone 
number dialing plan as set forth in the above incorpo- 
rated patent application. The resulting directory dial- 
ing plan tables, level 5 routing tables, and level 4 rout- 
ing tables for each of the switching nodes is set forth 

25 in FIGS. 7 and 8. 

After the directory dialing plan has been fully ini- 
tialized, the dialing plan management application dis- 
tributes the secondary dialing plan to each of the 
switching nodes as illustrated in FIG. 4. In addition, 

30 each switching node is given the node number of the 
switching node higher in the dialing plan hierarchy 
than itself. Once again, a dialing plan application can- 
not actually own a block of numbers until it has re- 
ceived permission to do so from the dialing plan ap- 

35 plication which owns that block. This function is per- 
formed in each node by the same dialing plan appli- 
cation which performed the function for the directory 
dialing plan. For example, dialing plan application 665 
of switching node 101 requests ownership of the 

40 block of secondary numbers "S12XX" from dialing 
plan application 669 of switching node 104. When di- 
aling plan application 669 gives ownership to dialing 
plan application 665, dialing plan application 669 up- 
dates secondary dialing plan table 907 of FIG. 9. Fur- 

45 ther, dialing plan application 669 also records in level 
5 routing table 908 in FIG. 9 the fact that a telephone 
call to the block of numbers "S12XX" should be rout- 
ed to switching node 101. The dialing plan applica- 
tions in the remaining nodes also set up sessions with 

so the correct dialing plan applications to receive own- 
ership of their portions of the secondary dialing plan. 
The result is illustrated in FIGS. 9 and 10 with the ex- 
ception of entries 917, 918, and 1010 through 1013 
which are entered at a later point in time, as will be 

55 described. 

Finally, the system network manager application 
in NMS 115 transmits a message to the system man- 
ager application in switching node 101 to activate dt- 
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rectory number manager application (DNM) 666. Fur- 
ther, the system network manager application also 
informs directory number management application 
666 that it is to utilize directory telephone number 
"1101". Directory number management application 
666 requests from dialing plan application 665 per- 
mission to utilize this number. Since switching node 
101 owns the block of numbers "11XX", dialing plan 
application 665 gives permission to directory number 
management application 666 to utilize this number. 

Once each node has obtained ownership of its 
portion of the secondary dialing plan (function 3), the 
fifth function can be performed (identifying the BRI 
station sets utilizing the secondary dialing plan to 
their associated directory number management appli- 
cations). Note, that the fourth function (initializing 
and identifying telecommunication terminals using a 
shared number) was performed during the initializa- 
tion of the system. At this point in time, the terminal 
management applications can proceed with the TEI 
assignment procedure. For example, terminal man- 
agement application (TMA) 667 is responsive to the 
terminal service profile information to ascertain that 
BRI station set 122 is sharing directory number 1101 
and that it is utilizing secondary number "S1102". 

First, terminal management application 667 re- 
quests that dialing plan application 665 obtain per- 
mission to use secondary number "S1 102". Dialing 
plan application 665 requests that a session be set up 
with the dialing plan application owning "S1102". In 
response to this request, session layer 653 examines 
level 5 routing table 1002 of FIG. 10 and determines 
that it has no information on how to route to the 
switching node owning secondary number "31102". 
(Note that entries 1011 through 1013 have not been 
entered into table 1 002 at this time) As a default, ses- 
sion software layers 653 routes the requestfor a ses- 
sion to switching node 104, which is higher in the sec- 
ondary dialing plan hierarchy than switching node 
101 as illustrated in FIG. 4. Session software layer 
553 requests that transport software layer 652 at- 
tempt to set up a session with the dialing plan appli- 
cation owning secondary number "S1102" via switch- 
ing node 1 04. Transport layer 652 is responsive to the 
request from session layer 653 to route a call to 
switching node 104 by examining level 4 routing table 
1003 to determine that PRI link 155 is to be utilized. 
Transport layer 652 requests that network layer 651 
transmit a set up message to establish a call with di- 
aling plan application 669 in switching node 104. 

Once the session is established, dialing plan 665 
requests that dialing plan 669 give permission for di- 
aling plan application 665 to own/host the secondary 
number "S1102". Dialing plan application 669 in 
switching node 104 is responsive to this request to in- 
terrogate secondary dialing plan table 907 of FIG. 9! 
From this table, dialing plan application 669 determi- 
nes that the secondary number "31102'' is part of a 



block, "SHXX". whose ownership has been given to 
switching node 105. In response to this determina- 
tion, dialing plan application 669 requests that call 
application 609 redirect the call to switching node 

5 105. In response to this request, network layer 601 
transmits back to switching node 101 a redirect mes- 
sage specifying that the call/session is to be directed 
to switching node 105. The operation of the redirect 
message is set forth in the above incorporated patent 

10 application. 

Transport layer 652 of switching node 101 is re- 
sponsive to the redirect message to interrogate level 
4 routing table 1003 of FIG. 10 to determine that PRI 
link 151 is to be utilized to reach switching node 105. 

15 Transport layer 652 requests that the setup message 
be sent to switching node 105 by network layer 651. 
When the set up message is received at switching 
node 105, it is communicated to layers 610 through 
615 to dialing plan application 673. After a session 

20 has been set up between dialing plan applications 

665 and 673, dialing plan application 665 requests 
permission to host secondary number tt S1102 w . Dial- 
ing plan application 673 transmits back permission to 
dialing plan application 665 and marks tables 904 and 

25 905 of FIG. 9 appropriately. In secondary dialing plan 
table 904, dialing plan application 673 inserts entry 
915, which designates that secondary number 
"S1102" is being hosted by switching node 101. Entry 
916 in level 5 routing table 905 for switching node 105 

30 designates that the secondary number "S1102" can 
be reached by routing to switching node 101 . 

Upon receiving permission to host the secondary 
number, dialing plan application 665 updates second- 
ary dialing plan table 1001 of FIG. 10 with entry 1010 

35 to indicate that it now owns secondary number 
"S1102" and has received permission to host this 
number from switching node 105. Also, dialing plan 
application 665 updates level 5 routing table 1002 to 
indicate that secondary number "S1102" terminates 

40 on switching node 101. 

Dialing plan application 665 then informs termi- 
nal management application 667 of the fact that 
switching node 101 is now hosting secondary number 
"81102". Terminal management application 667 then 

45 informs directory number management application 

666 that secondary number n S1102" is sharing direc- 
tory number "1101". In response, directory number 
management application 666 makes entry 1105 into 
directory number management table 1101 of FIG. 11. 

so Note directory number management application 666 
can perform necessary operations on a number of di- 
rectory numbers and their associated secondary 
numbers and utilizes the entries in FIG. 11 to prop- 
erly associate the secondary numbers with their di- 
ss rectory numbers. 

Terminal management application 672 and dial- 
ing plan application 673 of switching node 105 per- 
form similar operations with respect to BRI station 
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set 121 which is utilizing secondary number "S11 01 *\ 
The result of these operations is the insertion of entry 
1106 into FIG. 11. Note that switching node 105 owns 
the secondary number block "S11XX*\ hence dialing 
plan application 673 does not have to get permission 
to use secondary number "SHOI". 

Consider how the fifth function (identifying the 
BRI station sets utilizing the secondary dialing plan 
to their associated directory management applica- 
tions) is performed with respect to BRI station set 
128. Terminal management application 675 of switch- 
ing node 106 is responsive to the initialization of BRI 
station set 128 to request that dialing plan application 
676 request permission to host secondary number 
"S1103'\ Dialing plan application 676 requests that 
session layer 633 route to the dialing plan application 
which owns "S1103". Session software layer 633 has 
no information as to which dialing plan application 
owns secondary number •S1103" and routes to the 
switching node higher in the secondary dialing plan 
hierarchy as illustrated in FIG. 4. Dialing plan appli- 
cation 676 requests that a session be set up with di- 
aling plan application 661on switching node 102. This 
session can be easily set up since level 4 routing table 
912 for node 106 of FIG. 9 has an entry defining how 
to communicate with switching node 102. 

Once the session has been set up between dial- 
ing plan application 676 of switching node 106 and di- 
aling plan application 661 of switching node 102, di- 
aling plan application 676 requests permission to 
host secondary number M S1103". Dialing plan appli- 
cation 661 examines secondary dialing plan table 901 
and determines that it has given ownership of the 
block of secondary numbers "S1XXX W to switching 
node 104 and requests that the lower software layers 
redirect the session to dialing plan application 669 of 
switching node 104. Dialing plan application 669 is re- 
sponsive to the session being set up to examine sec- 
ondary dialing plan table 907 of FIG. 9 and determine 
that the block of numbers "S11XX" has been given to 
switching node 105. Dialing plan application 669 
then, through the use of a redirect message, causes 
switching nodes 104 and 101 to redirect the call to di- 
aling plan application 673 of switching node 105. 
Once a session has been set up between dialing plan 
application 676 of switching node 106 and dialing plan 
application 673 of switching node 105, dialing plan 
application 676 obtains permission to host secondary 
number "Silos'* from dialing plan application 673. 
Both dialing plan applications update the secondary 
tables dealing with the dialing plan, level 5 routing, 
and level 4 routing for their respective switching 
nodes. These updated tables are illustrated in FIG. 
12. 

After dialing plan application 676 of switching 
node 106 has received permission to host the sec- 
ondary number, terminal management application 
675 of switching node 106 proceeds with identifying 



BRI station set 128 to directory number management 
application 666 of switching node 101. Terminal man- 
agement application 675 requests that a message be 
sent to directory number management application 

5 666 informing it of the existence of BRI station set 
1 28. This message is routed to directory number man- 
agement application 666 utilizing the directory dial- 
ing plan. Terminal management application 675 re- 
quests that session software layer 633 route the 

10 message to directory number 1101, which identifies 
directory number management application 666. Ses- 
sion software layer 633 accesses level 5 routing table 
802 of FIG. 8 and determines that the message 
should be routed to switching node 101. Transport 

is software layer 632 is responsive to a request to route 
to switching node 101 to transmit the message via 
PRI link 661. The messages then are routed through 
switching node 102 to directory number management 
application 666 on switching node 101. Directory 

20 number management application 666 is responsive to 
this message to update directory number manage- 
ment table 1101 by inserting 1103 into this table. 

Consider now how a call is set up between BRI 
station set 126, which is connected to switching node 

25 109, and BRI station sets 121, 122, and 128, which 
share directory number "1101". A call is routed from 
BRI station set 126, which is connected to switching 
node 109, to BRI station sets 121, 122, and 128 using 
the shared directory number "1101". Terminal man- 

30 agement application 674 in switching node 109 is re- 
sponsive to the set up request and dialed number 
(also referred to as the called number) from BRI. sta- 
tion set 126 to request that a call be set up to the di- 
aled number which is "1101". Session layer 623 is re- 

35 sponsive to this request to examine level 5 routing ta- 
ble 1005 of FIG. 10. Session software layer 623 ac- 
cesses level 5 routing table 1 005 and determines that 
it does not know how to route the call. As a default ac- 
tion, session software layer 623 decides to route the 

40 call to the switching node that has the dialing plan 
managerforthe number "nearest 0 the dialed number, 
in this case, switching node 104. Session software 
layer 623 then transmits down to transport software 
layer 622 a request to route a set up message to 

45 switching node 104. 

Transport software layer 622 is responsive to this 
request to access level 4 routing table 1005 illustrat- 
ed in FIG. 1 0 and to determine from this table that the 
LDC of PRI link 1 58 is to be used to access switching 

so node 104. Transport software layer 622 then sends 
a request to network software layer 621 to transmit 
a set up message to switching node 104. A set up 
message includes the destination switching node 
number, the dialed number, and the telephone nunv 

55 ber of the caller. Network software layer 621 in con- 
junction with peripheral 620 transmits the set up mes- 
sage via PRI link 158 to switching node 104. 

When the set up message is received by periph- 

11 



21 



EP 0 602 856 A2 



22 



eral 600, it is transferred to software layer 602 via 
network software layer 601. Transport software layer 
602 recognizes the node number for switching node 
1 04 and transfers the setup message to session soft- 
ware layer 603. Session software layer 603 accesses 
level 5 routing table 908 of FIG. 9 to match the dialed 
number with one of the telephone numbers entered 
in that table. The only telephone number that matches 
the dialed number is entry 917 which identifies 
switching node 1 01 . Session software layer 603 then 
requests that transport software layer 602 transmit 
the setup message to switching node 101 and include 
the dialed telephone number and the caller telephone 
number. 

Transport software layer 602 accesses level 4 
routing table 909 of switching node 1 04 to find a path 
to switching node 101. Transport software layer 602 
matches at entry 918 and determines that the route 
to switching node 101 is via PRI link 155. The latter 
software layer then formulates a request to network 
software layer 601 to transmit the setup message to 
switching node 101. Network software layer 601 
transmits the setup message via PRI link 155 to 
switching node 101. 

When the setup message is received by trans- 
port layer 652 via peripheral 650 and network soft- 
ware layer 651 of switching node 101, this transport 
software layer examines the destination switching 
node number and determines that it is its own. Trans- 
port software layer 652 then communicates the setup 
message to session layer 653. The latter software 
layer is responsive to the dialed number to access lev- 
el 5 routing table 1002 of FIG. 10. The dialed number 
matches entry 1011 of FIG. 10. This entry destinates 
that the number can be found on switching node 1 01 . 
Using other internal tables, session software layer 
653 determines that this dialed number references di- 
rectory number management application 666 and 
communicates the setup message to directory num- 
ber management application 666. 

Directory number management application 666 
is responsive to the setup message to request that 
session layer 653 send setup messages to BRI sta- 
tion sets 121, 122, and 128 utilizing secondary num- 
bers "S110r,. p S1102", and "51103", respectively. 
The setup messages include the caller information 
received in the setup message from BRI station set 
126 and switching node 109. For BRI station set 122, 
session layer 653 is responsive to the request to ac- 
cess level 5 routing table 1002. Since the number is 
a secondary number, table 1002 is accessed rather 
than level 5 routing table 709 of FIG. 7. Upon access- 
ing level 5 routing table 1002, session software layer 
653 determines that the secondary number n SA'\02 m 
terminates on switching node 101 and transfers the 
setup message to terminal management application 
667. Terminal management application 667 then 
alerts BRI station set 122 via software layers 653 



through 655. Once BRI station set 122 is alerted, BRI 
station set 122 responds with an alerting message, 
which is transferred back to directory number man- 
agement application 666 via software layers 650 

5 through 655. 

With respect to the request to send a setup mes- 
sage to BRI station set 121, session software layer 
653 is responsive to the request from directory num- 
ber management application 666 to examine level 5 

10 routing table 1002 of FIG. 10 and determines that the 
best match for secondary number "S1101" is entry 
1012, which designates that this secondary number 
is part of a block of secondary numbers owned by 
switching node 104. In response to this determina- 

15 tion, session software layer 653 requests that trans- 
port software layer 652 communicate the setup mes- 
sage to switching node 104. 

In response to this request, transport software 
layer 652 accesses level 4 routing table 1 003 and de- 

20 termines that the LDC to be used for routing calls to 
switching node 104 is that of PRI link 155. Transport 
sortware layer 652 then requests that layers 650 and 
651 route the setup message to switching node 104 
via PRI link 155. 

25 When .the setup message is routed to session 

software layer 613 of switching node 105 via layers 
610 through 612, session software layer 613 access- 
es level 5 routing table 905 of FIG. 9 and determines 
that the secondary number "S11 01" is part of a block 

30 which has been given to switching node 1 05. Session 
layer 653 then requests that transport layer transmit 
back to switching node 101 a redirect message redir- 
ecting a setup message to switching node 1 05. Trans- 
port layer 652 of switching node 101 is responsive to 

35 the redirected setup message to route this message 
to switching node 105 via PRI link 151 after accessing 
level 4 routing table 1003 of FIG. 10, which defines 
that PRI link 151 is to be utilized to route calls to 
switching node 105. 

40 Upon receiving the setup message, transport 

layer 612 of switching node 105 determines that the 
destination switching node is switching node 105 and 
communicates the setup message to session layer 
613. Session layer 613 is responsive to the setup 

45 message to communicate this setup message to ter- 
minal management application 652. In turn, terminal 
management application 672 transmits the setup 
message to BRI station set 121. BRI station set 121 
responds with an alerting message which terminal 

so management application 672 requests be sent back 
to directory number management application 666 on 
switching node 101. 

With respect to the request to send a setup mes- 
sage to BRI station set* 128, session software layer 

55 653 is responsive to the request from directory num- 
ber management application 666 to examine level 5 
routing table 1 002 of FIG. 1 0 and determines that the 
best match for secondary number "SHOI" is entry 
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1012, which designates that this secondary number 
is part of a block of secondary numbers owned by 
switching node 104. In response to this determina- 
tion, session software layer 653 requests that trans- 
port software layer 652 communicate the setup mes- 
sage to switching node 104. 

In response to this request, transport software 
layer 652 accesses level 4 routing table 1003 and de- 
termines that the LDC to be used for routing calls to 
switching node 104 is that of PRI link 155. Transport 
software layer 652 then requests that layers 650 and 
651 route the setup message to switching node 104 
via PRI link 155. 

When the setup message is routed to session 
software layer 613 of switching node 105 via layers 
610 through 612, session software layer 613 access- 
es level 5 routing table 905 of FIG. 9 and determines 
that the secondary number "S1103" is being hosted 
by switching node 106. Session layer 653 then re- 
quests that transport layer transmit back to switching 
node 101 a redirect message redirecting a setup 
message to switching node 106. Transport layer 652 
of switching node 101 is responsive to the redirected 
setup message to route this message to switching 
node 1 06 via PRI link 1 50 after accessing level 4 rout- 
ing table 1003 of FIG. 10, which defines that PRI link 
150 is to be utilized to route calls to switching node 
1 05. Transport layer 642 of switching node 1 02 is re- 
sponsive to the setup message from switching node 
1 01 for switching node 106 to route that message via 
PRI link 160. 

Upon receiving the setup message, transport 
layer 632 of switching node 106 determines that the 
destination switching node is switching node 106 and 
communicates the setup message to session layer 
633. Session layer 633 is responsive to the setup 
message to communicate this setup message to ter- 
minal management application 675. In turn, terminal 
management application 675 transmits the setup 
message to BRI station set 128. BRI station set 128 
responds with an alerting message which terminal 
management application 675 requests be sent back 
to directory number management application 666 on 
switching node 101. 

Once directory number management application 
666 has received the alerting message from either 
BRI station set 122 or BRI station set 121, directory 
number management application 666 communicates 
an alerting message back to switching node 109. 

Assume now for the sake of the example that BRI 
station sets 1 22 and 1 28 do not answer the telephone 
call from BRI station set 126 but that BRI station set 
1 21 does answer. When BRI station set 1 21 answers 
the call, switching node 105 transmits a connecting 
message to switching node 101 and sets up a con- 
nection between BRI link 136 and PRI link 159 via 
peripheral 610 of FIG. 6. When the connection mes- 
sage is received by switching node 101, it will be com- 



municated to directory number management applica- 
tion 666. The latter application responds by setting 
up a connection through switching node 1 01 between 
PRI link 151 and PRI link 155 and transmitting a con- 

5 nection message to switching node 109 via switching 
node 104. This connection message causes connec- 
tions to be set up through switching nodes 104 and 
109. Switching node 109 responds with a connection 
acknowledge message which is relayed back to direc- 

10 tory number management application 666. At this 
time, there is a talk path between BRI station 121 and 
BRI station set 126. 

In response to the connection acknowledge mes- 
sage, directory number management application 666 

15 transmits a connection acknowledge message to 
switching node 105 for BRI station set 121. In addi- 
tion, directory number management application 666 
communicates to terminal management application 
667 a message which results in the line-in-use indi- 

20 cation lamp associated with the shared directory 
number being activated on BRI station set 122. The 
directory number management application also re- 
quests that a line-in-use message be sent to terminal 
management application 675 on switching node 106. 

25 If a person should select the line associated with the 
shared directory number and go off-hook on BRI sta- 
tion set 122, terminal management application 667 
would communicate a connection message to direc- 
tory number management application 666 requesting 

30 that a connection be set up through peripheral 610 
between BRI station set 122 and switching node 105 
(terminal management 675 could perform a similar 
operation on switching node 106). Directory number 
management application 666 would be responsive to 

35 this connection message to establish a conference 
which would join BRI station set 122 into the call al- 
ready setup between BRI station set 126 and BRI sta- 
tion set 121. 

When switching node 105 transmitted the alert- 

40 ing message back to switching node 101, it includes 
information concerning the secondary numbers 
owned by switching node 105. Session layer 653 of 
switching node 101 is responsive to this information 
to insert entry 1113 into level 5 routing table 1002 of 

45 FIG. 10. Entry 1113 designates that switching node 
105 owns the secondary number block of "S11XX M . 

Consider now the operation of the system illu- 
strated in FIG. 1 when BRI station set 121 originates 
a call on the shared line associated with directory 

so number management application 666 of switching 
node 101 as illustrated in FIG. 6. For the sake of this 
example, it is assumed that BRI station set 126 is us- 
ing directory number "2001". BRI station set 121 goes 
off hook and dials the directory number for BRI sta- 

55 tion set 126 which is "2001". Terminal management 
application 672 of FIG. 6 is responsive to the actions 
of BRI station set 121 to form a setup message which 
is communicated to directory number management 
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application 666 of FIG. 6. Also, included in the setup 
message is the caller ID information, which is sec- 
ondary number "SHOT, and the ultimate directory 
number destination which is "2001 Terminal man- 
agement application 672 requests that session soft- 
ware layer 613 transmit this message to directory 
number "1101°, which is the directory number identi- 
fying directory number management application 666. 
Session software layer 613 accesses level 5 routing 
table 805 of FIG. 8 and determines that the call 
should be routed to switching node 1 01. Session soft- 
ware layer 613 then transmits a request to transport 
software layer 612 for the setup message to be com- 
municated to switching node 101. Transport software 
layer 61 2 is responsive to this request to access level 
4 routing table 806 of FIG. 8 and to determine that 
messages are communicated to switching node 101 
via PRI link 151. Network software layer 61 1 and per- 
ipheral 610 are responsive to the information from 
transport software layer 612 to transmit the setup 
message to switching node 101 via PRI link 151. 

Transport software layer 652 of switching node 
101 is responsive to the setup message received via 
layers 651 and 650 to determine that the destination 
switching node is 101 and to transfer the setup mes- 
sage to session software layer 653. The latter soft- 
ware layer determines that the directory number 
"1101" is terminated on directory number manage- 
ment application 666, and the setup message is com- 
municated to directory number management applica- 
tion 666. Directory number management application 
666 is responsive to the setup message to communi- 
cate the fact that BRI station set 121 has gone off 
hook to terminal management application 667, which 
transmits a message to BRI station set 122 via BRI 
link 152. BRI station set 122 actuates its line-in-use 
indicator. This message is routed to BRI station set 
122 on the basis of the secondary number "S1102", 
which identifies BRI station set 122. A similar opera- 
tion is performed with respect to BRI station set 128 
and terminal management application 675. 

Then, directory number management application 
666 forms a new setup message which is directed to 
BRI station set 126 utilizing that station set's directo- 
ry number, "2001". Directory number management 
application 666 inserts its own directory number, 
"1101", into the setup message. Terminal manage- 
ment application 667 then requests that layers 650 
through 653 of switching node 101 communicate the 
setup message to BRI station set 126. Session soft- 
ware layer 653 accesses level 5 routing table 709 of 
FIG. 7 and determines that the call must be routed to 
102, which is the only entry that matches the dialed 
telephone number, and requests that transport soft- 
ware layer 652 route the setup message to switching 
node 102. 

When session software layer 643 of switching 
node 102 receives the setup message it determines 



from level 5 routing table 706 of FIG. 7 that the setup 
message should be routed to switching node 104, 
which owns the block of directory numbers "2XXX\ 
Transport software layer 652 is responsive to this in- 
5 formation to transmit the setup message back to 
switching node 101 as a redirect message specifying 
that the message should be transmitted to switching 
node 104. 

After the setup message is received by session 
10 software layer 603 of switching node 104, this soft- 
ware layer accesses level 5 routing table 713 of FIG. 
7 and determines that the setup message should be 
routed to switching node 109. Transport software lay- 
er 602 is responsive to this information from trans- 
15 port software layer 603 to access level 4 routing table 
712 of FIG. 7 to determine that the setup message 
should be routed to switching node 109 via PRI link 
158. 

When the setup message is received by session 

20 software layer 623 of switching node 109, this soft- 
ware layer determines that the directory number is 
terminated on switching node 109 and transfers the 
setup message to terminal management application 
674, which alerts BRI station set 126. 

25 The normal flow of ISDN messages now are gen- 

erated between switching node 109 and directory 
number management application 666 of switching 
node 101 utilizing the directory number dialing plan, 
and the normal flow of messages are communicated 

30 between directory number management application 
666. and switching node 105 utilizing the secondary 
dialing plan as was previously described in the re- 
verse direction in the example of BRI station set 126 
placing a call to BRI station set 121. 

35 FIG. 12 illustrates, in flow chart form, the opera- 

tions performed by directory number management 
application 666 of FIG. 6 in response to an incoming 
call. In response to a setup message defining an in- 
coming call, DNM 666 transmits setup messages to 

40 BRI station sets 121,122, and 128 using the second- 
ary dialing plan by execution of block 1201. Decision 
block 1202 waits until an alerting message is re- 
ceived back from anyone of the BRI station sets and 
then, transfers control to block 1203, which sends an 

45 alerting message back to the caller. Block 1203 trans- 
fers the control to decision block 1204. The latter de- 
cision block checks to see if a connection message 
has been received back from BRI station sets 121, 
122 or 128. If a connection message has not been re- 

so ceived back, decision block 1213 is executed to de- 
termine if the amount of time allowed for alerting has 
been exceeded. If this amount of time has been ex- 
ceeded, block 1214 is executed. The latter block 
transmits a coverage message to call application 659 

55 of switching node 101. This coverage message re- 
sults in the incoming call being transferred to voice 
mail system 127. If the alerting time has not been ex- 
ceeded, control is transferred back to decision block 
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1204. 

Once a connection message is received by deci- . 
sion block 1204, block 1205 sends I ine-in-use mes- 
sages to the other two BRI station sets* and block 
1206 causes the calling party to be connected to the 
answering BRI station set via a message to the call 
application which in the present example would be 
call application 659. 

After the calling party and the answering BRI sta- 
tion set have been connected, blocks 1216 and 1207 
through 1211 are executed to relay messages be- 
tween the BRI station sets and the calling party, to 
determine if one of the idle BRI station sets has gone 
off hook, to conference that off hook BRI station set 
into the call, and to determine when the call is aban- 
doned by checking for disconnect messages from the 
caller and the BRI station sets through the execution 
of blocks 1209 through 1211. 

FIG. 13 illustrates, in flow chart form, the opera- 
tions performed by a directory number management 
application in response to an outgoing call from one 
of the BRI station sets on the shared line appearance. 
FIG. 13 utilizes the fact that in the present example 
the shared line appearance station sets are BRI sta- 
tion sets 121. 122. and .128; however, one skilled in 
the art could easily generalize the operations illu- 
strated in FIG. 13 to other BRI station sets. Recall 
that BRI station set 121 (secondary number "SHOI") 
has exclusion preference. Exclusion preference 
means that if an outgoing call is placed by BRI station 
set 121 , the other two BRI station sets cannot be add- 
ed into that outgoing call. Decision block 1301 deter- 
mines whether or not the setup message from one of 
the calling line appearance station sets is from BRI 
station set 121. If the answer is yes. control is trans- 
ferred to block 1302, which transmits line-in-use mes- 
sages to BRI station sets 122 and 128. Next, block 
1303 transmits a setup message to the destination 
telephone terminal designated in the setup message 
from BRI station set 121. Block 1304 relays messag- 
es back and forth between the destination telephone 
terminal and BRI station set 121. Block 1305 blocks 
BRI station sets 122 and 128 from being added to the 
outgoing call. Decision block 1306 checks to see if 
either BRI station set 121 or the destination tele- 
phone terminal has transmitted a disconnect mes- 
sage. If the answer is no, control is transferred to 
block 1302. However, if the answer is yes, the outgo- 
ing call is terminated. 

Returning to decision block 1301, which checks 
for a setup message, if the answer is no, this means 
that the setup message is from BRI station set 122 
or 128 in the present example. Block 1 308 is executed 
to send Hne-ln-use messages to the remaining two 
shared line appearance station sets, and block 1309 
establishes a call between the originating line ap- 
pearance station set and the destination telephone 
terminal. Blocks 1310 through 1315 perform the fol- 



lowing functions: (1) 

Blocks 1310 and 1311 check to see if one of the re- 
maining shared line appearance station sets has 
gone off hook in which case the off hook station set 

5 is added into the outgoing call, (2) Block 1312 relays 
messages between the shared line appearance sta- 
tion sets which are on the outgoing call and the des- 
tination telephone terminal, (3) Blocks 1313 through 
1315 determine when the outgoing call is terminated, 

10 which occurs when the destination telephone termi- 
nal or the last shared line appearance station set 
sends a disconnect message. 



15 Claims 

1. A method for providing a shared line appearance 
to a plurality of telephone station sets (120-128) 
each terminating the shared line appearance and 

20 each connected to a different one of a plurality of 

switching nodes (101-109) with the shared line 
appearance being identified by a shared directo- 
ry number of a directory dialing plan, the method 
being 

25 CHARACTERISED BY the steps of: 

controlling, by a directory number man- 
agement application (666), incoming calls direct- 
ed to the shared line appearance using the 
shared directory number; and 

30 transferring, by the directory number 

management application, first call information 
from a calling telephone station set to each of the 
plurality of telephone station sets by using a sec- 
ondary number of a secondary dialing plan as- 

35 signed to each of the telephone station sets to 

route through the switching nodes. 

2. A method as claimed in claim 1 wherein the plur- 
ality of switching nodes are interconnected by the 

40 public telephone network. 

3. A method as claimed in claim 1 or 2 wherein the 
directory number management application exe- 
cutes on one of the switching nodes. 

45 

4. A method as claimed in claim 3 wherein the step 
of controlling the incoming call comprises the 
steps of receiving the first call information indica- 
tive of call setup from the calling telephone sta- 

so tion set by the directory number management ap- 

plication; 

transmitting, by the directory number 
management application, second call informa- 
tion indicative of alerting to the calling telephone 
55 station set in response to the first call information 

using the shared directory number as a destina- 
tion directory number; and 

transmitting first control information indt- 
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cative of call setup, which is generated by the di- 
rectory number management application, to the 
ones of the plurality of telephone station sets in 
response to the first call information received 
from the calling telephone station set. 5 

A method as claimed in claim 4 wherein the step 
of controlling the incoming call comprises the 
steps of transmitting second control information 
indicative of call connection to the directory nunv 1 o 
ber management application by a one of the plur- 
ality of telephone station sets in response to a 
user of the one of the plurality of telephone sta- 
tion sets answering the incoming call; 

transmitting third call information indica- is 
tive of connection to the calling telephone station 
set by the directory number management appli- 
cation in response to the second control informa- 
tion; and 

transmitting a third control information in- 20 
dicative of call answer to the remaining ones of 
the plurality of telephone station sets by the di- 
rectory number management application further 
in response to the second control information. 

25 

A method as claimed in claim 5 wherein the step 
of controlling the incoming call comprises the 
steps of transmitting fourth control information 
indicative of call connection to the directory num- 
ber management application by another one of 30 
the plurality of telephone station sets in response 
to a user of other one of the plurality of telephone 
station sets requesting to join the incoming call; 
and 

transmitting fourth call information indica- 35 
tive of conferencing to the one of the switching 
nodes executing the directory number manage- 
ment application by the directory number man- 
agement application whereby the one of the 
switching nodes executing the directory number 40 
management application conferences the other 
one of the plurality of telephone station sets into 
the incoming call. 

A method as claimed in claim 3 comprising the 45 
steps of 

controlling, by the directory number man- 
agement application, an outgoing call to a called 
telephone station set from one of the plurality of 
telephone station sets; and so 

transmitting, by the directory number 
management application, first control informa- 
tion concerning the outgoing call to the other 
ones of the plurality of telephone station sets us- 
ing the secondary number assigned to each of 55 
the other ones of the plurality of telephone sta- 
tion sets to route the first control information 
concerning the outgoing call through the switch- 



ing nodes to the switching node to which each of 
the other ones of the plurality of telephone sta- 
tion sets is connected. 

8. A method as claimed in claim 7 wherein the step 
of controlling the outgoing call comprises the 
steps of placing the outgoing call for the called 
telephone station set to the directory number 
management application using the shared direc- 
tory number, via the one of switching nodes exe- 
cuting the directory number management appli- 
cation, by the one of the plurality of telephone 
station sets; and 

replacing the outgoing call to the called tel- 
ephone station set using a directory number of 
the called telephone station set by the directory 
number management application using the 
shared directory number as the originating direc- 
tory number. 

9. A method as claimed in claim 8 wherein the step 
of controlling the outgoing call comprises the 
steps of transmitting second control information 
indicative of a call connection request to the di- 
rectory number management application by an- 
other one of the plurality of telephone station 
sets in response to a user of the other one of the 

- plurality of telephone station sets requesting to 
join the outgoing call; and 

conferencing the other one of the plurality 
of telephone station sets into the outgoing call by 
the directory number management application in 
response to the second control information. 

1 0. Apparatus for providing a shared line appearance 
to a plurality of telephone station sets (120-128) 
each terminating the shared line appearance and 
each connected to a different one of a plurality of 
switching nodes (101-109) with the shared line 
appearance being identified by a shared directo- 
ry number of a directory dialing plan, the appara- 
tus being CHARACTERISED BY means, in a di- 
rectory number management application (666), 
for controlling incoming calls directed to the 
shared line appearance using the shared directo- 
ry number; and means, in the directory number 
management application, for transferring first 
call information from a calling telephone station 
set to each of the plurality of telephone station 
sets by using a secondary number of a second- 
ary dialing plan assigned to each of the telephone 
station sets to route through the switching nodes. 

11. Apparatus as claimed in claim 10 wherein the di- 
rectory number management application exe- 
cutes on one of the switching nodes. 

12. Apparatus as claimed in claim 11 wherein the 
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plurality of switching nodes are interconnected by 
the public telephone network. 

13. Apparatus as claimed in claim 11 or 12 wherein 
means for controlling the incoming call comprises 
means, in the directory number management ap- 
plication, for receiving the first call information 
indicative of call setup from the calling telephone 
station set; means, in the directory number man- 
agement application, for transmitting second call 
information indicative of alerting to the calling 
telephone station set in response to the first call 
information using the shared directory number 
as a destination directory number; and means, in 
the directory number management application, 
for transmitting first control information indica- 
tive of call setup, which is generated by the direc- 
tory number management application, to the 
ones of the plurality of telephone station sets in 
response to the first call information received 
from the calling station set. 

14. Apparatus as claimed in claim 13 wherein means 
for controlling the incoming call comprises means 
for transmitting second control information indi- 
cative of call connection to the directory number 
management application, by one of the plurality 
of telephone station sets in response to a user of 
the one of the plurality of telephone station sets 
answering the incoming call; means, in the direc- 
tory number management application, for trans- 
mitting third call information indicative of con- 
nection to the calling telephone station set in re- 
sponse to the second control information; and 
means, in the directory number management ap- 
plication, for transmitting a third control informa- 
tion indicative of call answer to the remaining 
ones of a plurality of telephone station sets fur- 
ther in response to the second control informa- 
tion. 

1 5. Apparatus as claimed in claim 14 wherein means 
for controlling the incoming call comprises means 
for transmitting fourth control information indica- 
tive of call connection to the directory number 
management application by another one of the 
plurality of telephone station sets in response to 
a user of the other one of the plurality of tele- 
phone station sets requesting to join the incom- 
ing call; and means, in the directory number man- 
agement application, for transmitting fourth call 
information indicative of conferencing to the one 
of the switching nodes executing the directory 
number management application whereby the 
one of the switching nodes executing the direc- 
tory number management application conferenc- 
es the other one of the plurality of telephone sta- 
tion sets into the incoming call. 



16. Apparatus as claimed in claim 11 or 12 compris- 
ing means, in the directory number management 
application, for controlling an outgoing call to a 
called telephone station set from one of the plur- 

5 ality of telephone station sets; and means, in the 

directory number management application, for 
transmitting first control information concerning 
the outgoing call to the other ones of the plurality 
of telephone station sets using the secondary 

10 number assigned to each of the other ones of the 

plurality of telephone station sets to route the 
first control information concerning the outgoing 
call through the switching nodes to the switching 
node to which each of the other ones of the plur- 

15 ality of telephone station sets is connected. 

17. Apparatus as claimed in claim 16 wherein means 
for controlling the outgoing call comprises means 
for placing the outgoing call for the called tele- 

20 phone station set to the directory number man- 

agement application using the shared directory 
number via the one of switching nodes executing 
the directory number management application by 
the one of the plurality of telephone station sets; 

25 and means, in the directory number management 

application, for re-placing the outgoing call to the 
called telephone station set using a directory 
number of the called telephone station set using 
the shared directory number as the originating di- 

30 rectory number. 

18. Apparatus as claimed in claim 17 wherein means 
for controlling the outgoing call comprises means 
for transmitting second control information indi- 

35 cative of a call connection request to the directo- 

ry number management application by another 
one of the plurality of telephone station sets in re- 
sponse to a user of the other one of the plurality 
of telephone station sets requesting to join the 

40 outgoing call; and means, in the directory number 

management application, for conferencing the 
other one of the plurality of telephone station 
sets into the outgoing call. 
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(g) Shared line appearance across a plurality of switching systems. 

(57) A shared line appearance feature may be 
implemented on a plurality of telephone station 
sets (e.g.121, 122,128) which are connected to 
different telecommunication switching systems 
(105,101,106). The telecommunication switch- 
ing systems can be interconnected to each 
other via the public telephone network (114) 
utilizing standard telecommunication links 
(151,150,155.157,160.161). A software appli- 
cation program (666) provides a termination 
point for a directory number that is associated 
with a shared line appearance. The software 
application program (666) receives all incoming 
calls directed to the directory number and de- 
termines the operations that should be perfor- 
med with respect to the telephone station sets 
(e.g.121, 122.128) terminating the shared line 
appearance. The software application program 
directs the incoming calls to the telephone 
stations sets regardless to which telecommuni- 
cation system each of the telephone station sets 
is interconnected. An outgoing call from one of 
the telephone station sets is switched to the 
software application program which then 
switches the outgoing call to the destination 
telephone terminal as if the outgoing call had 
originated at the location of the software appli- 
cation program. With respect to the outgoing 
call, the software application program also 
transmits messages to the other telephone sta- 
tion sets terminating the shared line appear- 
ance, so that those telephone station sets can 
indicate that the shared line appearance is 
busy. 
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